The ability of LAI 2000 Plant Canopy Analyzer to estimate the leaf area index (LAI) of grapevines canopies accurately was evaluated. This indirectly estimated LAI of grapevine canopies was compared to the directly measured (observed) LAI, using fully developed V. labrusca L. cultivar, 'Concord', canopies in 1993; In 1994, 'Concord' and ' Chardonnay' canopies at different growing stages were similarly analyzed.
Introduction
Leaf area of canopy determines total light interception and influences the microclimate within it, which, in turn, affects the physiology, biochemistry, morphology, and yield of grapevines.
Therefore, an accurate, indirect method to estimate leaf area of grapevine canopies would be useful to approximate the maximum production of quality fruits. Common methodologies to estimate leaf area of plant canopies were well reviewed by Norman and Cambell (1991) . The direct methods are accurate but time consuming, and many require destructive sampling.
To estimate leaf area of grapevines, methods using linear leaf dimensions (Carbonneau, 1976; Elsner and Jubb, 1988; Manivel and Weaver, 1974; Schneider and Standt, 1981; Sepulveda and Kliewer, 1983; Smith and Kliewer, 1984; William et al., 1958) and specific leaf area (Smith and Kliewer, 1984) have been applied. However, an indirect method is desirable to estimate the leaf area of perennial grapevines because of its large leaf area compared to canopies of annual crops.
Point quadrates, an indirect method, was used to characterize the micloclimate of grapevines rather than to estimate total leaf area by Smart and Robinson (1991) . Gap fraction method offers a powerful tool for setimating leaf area index (LAI), leaf inclination angles for canopies of full cover, isolated single canopies, and even heterogeneous canopies (Norman and Cambell, 1991) . Few studies have applied gap fraction methods for estimating leaf area of grapevines. The theory of gap fraction assumes that leaves are randomly and uniformly distributed within the canopy. These assumptions are rarely met in grape canopies under vineyard conditions because: 1) a large discontinuity between canopies attributed to planting in rows, 2) non-random distribution of leaf azimuth orientation, 3) impact of training system, 4) impact of pruning system, 5) the relatively large permanent structure, especially a trunk, and 6) the presence of trellis components. LAI 2000 Plant Canopy Analyzer, which utilizes a gap fraction method estimating LAI using several fractional values of diffuse incident radiation that passes though a plant canopy (LI-COR, Inc., 1992) was tested by Grantz and Williams (1993) and Sommer and Lang, (1994) (Weigle and Muza, 1993) . Six vines were randomly selected from both cultivars. The method of defoliation, the direct determination of leaf area, and the computer analysis in 1994 were the same as for the 1993 studies. Data for June were taken at dawn or dusk. The other measurements were taken under cloudy skies.
Readings were taken at six different locations under the canopy for all three comparative studies on 'Concord' and for the first study on 'Chardonnay'(Protocol 5). In Protocol 5, four readings around a trunk and two readings under the drip lines of the canopy were taken (Fig. 1) . Two readings were made with the sensor positioned adjacent to the trunk and oriented toward the opposite Table 1 . Regression equations and coefficients of determination between observed and estimated LAI using LAI 2000 Plant Canopy Analyzer using different protocols and combinations. (Table  3) . Reading with the sensor opening oriented to the north and south yielded better estimated LAI than did those with the sensor oriented to the east or west (Table 3) . Comparisons between sensors oriented to the north or south showed that north readings gave better estimates of LAI.
The determination of zenith view angle
The effects of eliminating readings at the lowest zenith angle on the estimated LAI were variable. There was no improvement by iliminating readings at the 5th zenith angle in Protocol 1, whereas masking it improved estimates of LAI in Protocols 2 and 3 (Tables 5 and 6 ). By masking the 5th ring in Protocol 2 with the 90° view angle, the regres- 
Discussion
Our results confirm the finding of previous investigators who found that the protocol recommended for row crops (Protocol 1), such as soybean, is inappropriate for grape canopies (Granz and Williams, 1 9 9 3; Sommer and Lang, 1 9 9 4). Readings taken in the empty space between rows are poorly correlated with the observed LAI (Table 2 ). The sensor probably does not monitor In other studies, the sensor was oriented away from the trunks (Sommer and Lang, 1994), or the orientation was not specified (Grantz and Williams, 1993) . This con- 
